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THE ROLE OF INFORMATION IN A DUOPOLY SETTING SOME EXPERIMENTAL RESULTS 
by 
Reinhilde Veugelers 
Abstract 
Experiments have been conducted to analyze the influence of 
information on cooperative behavior in a duopoly setting. The results 
only qualitatively support the hypothesis that increasing information 
tends to facilitate cooperation. Individual signalling behavior shows 
the difficulties to reach a cooperative solution. These results however 
should be handled with caution in view of the limitations of the 
experimental setting. 
1. Experimental economics an introduction 
Experimental economics, a •new" approach to empirically test 
economic and especially industrial organisation theories, has attracted 
a great deal of interest during the past few years. Its history dates 
back to E. Chamberlin (1948) who reported the first market experiments. 
Since then, experimental economics have stirred up many debates. It 
seems therefore warranted to elaborate firstly on the methodology, after 
which the actual theoretical and experimental setting together with the 
results will be detailed. 
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The aim of experimental economics is to test theoretical models, 
more specifically, to clarify the set of underlying assumptions under 
which they apply. The idea behind laboratory experimentation is that 
theories designed for general cases should by definition also work in 
very specific situations as created in the experiment. If not, 
something is wrong with the theory and experimentation might then result 
in refinements of the theory. Next to theory rejection, experiments can 
also be used, in case several competing theoretical models exists, to 
get an indication of which is most accurate in simple cases as created 
in the experiment. 
The question emerges whether these results are relevant and may be 
generalized. The answer is yes if certain conditions are satisfied. 
First, the experiments should be designed as closely as possible to the 
"to-be-tested-theories•. Second, the experiments should be "real", i.e. 
real players, real profits, real rules... Last but not least, the 
experimental procedure ought to be such that the results remain valid 
upon replication in other subject samples or by other researchers. 
Replication is crucial to experimental economics or as K. Binmore 
((1987), p 260) states "Until a piece of work has been replicated 
elsewhere by others, preferably several times, it cannot be regarded as 
properly established." 
The main advantage of experimental economics in relation with other 
testing methods is the possibility to control for variables in which one 
is not interested and to concentrate on only the relevant variables. 
Furthermore, model robustness can be checked through institutional and 
parametric perturbations. In view of the drawbacks of other testing 
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methods, one may conclude that experiments, with all their limitations, 
deserve their place in the arsenal of empirical methods. 
2. Experimental economics and industrial organisation 
Economics and especially industrial economics serve well as a rich 
source of theories to be tested in experimental settings. Especially 
the analysis of markets - competitive as well as monopolistic and 
oligopolistic - is often the subject of experimental testing (see Plott 
(1982) for a survey). The focus of this strand of research is mainly on 
the influence of information, of the number of sellers and buyers, and 
of institutional market characteristics on market behavior and 
performance. 
Furthermore, some specific I.O. topics such as the Coase Theorem 
(Hoffman & Spitzer (1982), Harrison, Hoffman, RuthstrBm and Spitzer 
(1987)) and the Contestable Markets Hypothesis (Coursey, Isaac & Smith 
(1981)) have been submitted to experimental testing as well. 
Another line of experimental research has been focusing on game 
theoretic bargaining models (see e.g. Binmore, Shaked & Sutton (1985) 
and GUth, Schmittberger & Schwarz (1982)). 
The experiments that are reported in this paper belong to the class 
of market creation experiments where the influence of information on 
conduct and performance in a duopoly market is examined. First, the 
"to-be-tested theoretical hypotheses" according to which the 
experimental setting has been developed, will be detailed. The results, 
together with the conclusions, are described in the final sections. 
3. Theoretical framework 
lows. 
The market situation under consideration can be described as fol-
Two independent producers (duopoly) supply a homogeneous com-
modity. The players have to decide each time period the total quantity 
of the commodity they will produce. These decisions are made 
simultaneously and independently, i.e. whithout collaboration or 
communication with each other. 
The inverse demand function for the commodity is the following 
P = a- ~.(Q1 + Q2) with Q1 =quantity produced by player 1 and Q2 = 
quantity produced by player 2, a equal to 24 and ~ equal to 0.4. 
Concerning the costs of production, fixed costs are introduced with 
FC1 = 0 and FC2 = 20. These asymmetric costs positions should not 
influence the output decisions, because of their "fixed" nature. No 
variable costs are introduced since this would needlessly complicate 
matters. 
The following profit functions are thus obtained 
Ps~ i=l, 2 and j1fi 
The decision variable w.r.t. which profit is maximized is the quantity 
produced. (quantity adjustment model) 
Several behavioral scenarios between both producers are possible. 
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Which scenario eventually prevails, depends on the objectives of both 
players : 
- Cournot-Nash : Own profits are maximized, treating the output of 
the other players as given and assuming independence of output 
decisions (each firm thinks the other firm's output will not change 
as a result of a change in his output.) Since both players have to 
decide simultaneously, each player obtains the equilibrium Cournot-
Nash output choice by solving the full problem (L. Johansen (1982)) 
rr 
II max PS.:~. 
< Q:L 
II max PSa 
II Qa 
l!: 
given that dQ.:~./dQj • 0 :1. 
The equilibrium output decision in this case is 20 for both 
players, 
- Cooperation : Total industry profits are maximized : max PS:1. + 
PSa. The equilibrium output decision is 15 for both players; 
- Rivalry The difference between own and other profits is 
maximized max PS:1. - PSa. Positive profits of the other players 
negatively influence own's objective function. The equilibrium 
output decision is 30 for both players. 
The duopoly game emerging from this setting can be characterized as 
a dynamic game of imperfect information : imperfect information since 
the players have to make their decisions simultaneously and dynamic 
since the game is repeated a finite number of times. 
The finite horizon of the game has some serious implications on the 
possible outcomes, as the following paragraph will detail. The players, 
in making their production decision each round, face a situation 
1. Note that this conjecture will only prove to be correct in the 
equilibrium point. 
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represented by the following pay-off matrix (calculated from the profit 
functions) : 
Player A 2 
QA=20 Q::~.=15 
Q:a=20 160 150 
140 180 
Player B 
QA•15 200 180 
130 160 
This pay-off matrix is an example of the famous game of the 
"prisoner's dilemma". If this game is played once, it has a unique Nash 
equilibrium (160,140), since it is a dominant strategy to play 
noncooperatively (i.e. Q~=20). However, both players could obtain a 
higher profit by cooperating (i.e. Q~=l5). 
If the game is repeated infinitely, the cooperative outcome 
(180,160) can be a perfect equilibrium if the players are sufficiently 
patient (see the celebrated "folk theorem" 3 
' 
Fudenberg and Tirole 
(1986)). However, with a finite horizon, the cooperative solution 
cannot be achieved, as the following backward induction argumentation 
shows. In tpe last period, the noncooperative strategy dominates, since 
no retaliation is possible. Given this result, it is optimal in the 
second last period not to cooperate, etc ... resulting in noncooperative 
behavior and therefore lower profits throughout the game. However, 
game-theoretic models have been developed which can enfeeble this 
backward induction argumentation. The Reputation Effect models of 
2. The rivalistic strategies are weakly dominated by the others and are 
therefore deleted in the payoff matrix. The first number in each cell 
represents profits of player A. 
3. The cooperative outcome is enforced by the "threat" that any 
deviation from this output level (Q=15) will trigger a permanent switch 
by all other players to the noncooperative static equilibrium (Q=20). 
Given this credible threat, which is in itself a perfect equilibrium, 
players will choose not to deviate if they are sufficiently patient such 
that the never ending decreases in profit outweigh the gains to a one-
period deviation. 
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Kreps, Milgram, Roberts and Wilson (1982), the TIT for TAT strategy of 
Axelrod (1984), theE-equilibrium of Radner (1980) and Fudenberg and 
Levine (1983) are all such models which allow for cooperative equilibria 
in a finitely repeated game. In general the intuition behind these 
models is simple if the player attaches a small prior probabilility 
that his opponent plays cooperatively and/or if the players discount the 
future enough and/or the time horizon is sufficiently long, cooperative 
outcomes can be sustained in an equilibrium. 
The core of the experiment is to analyze the influence of 
information on the output decisions. The idea is to vary the level of 
completeness of the information, keeping the characteristics of 
imperfect information. 4 The condition of incomplete information is 
approximated in the experiment by informing the participant only of the 
profits accruing to him as a result of a particular production decision 
and not providing him with any indication of the profits going to his 
opponent (experiment A). Although the good is homogeneous, which 
implies that both players face the same demand, they don't know each 
other's costs and can therefore not calculate their rival's profitP. 
With complete information, the pay-offs of both players are known 
(experiment B). 
Previous experimental designs (Fouraker & Siegel (1963)) have put 
forward the following theoretical hypothesis concerning the influence of 
information on market outcomes. 
4. Players have incomplete information if they do not know (some of) 
their opponent's characteristics and therefore their objective 
functions. They have imperfect information if they do not observe some 
of their opponents's actions. As Harsanyi (1967) has shown, at a formal 
level, the distinction between incomplete and imperfect information is 
somewhat artifical since one can always transform a game of' incomplete 
information into a game of imperfect information. 
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"Incomplete information conditions will tend to favor those 
solutions which are based on the assumption that the participants 
are simple maximizers 5 ••• The condition of complete information 
is favorable to the emergence of the diverse psychological 
attributes of the bargainers, which tends to increase the 
dispersion of outcomes." 
That Cournot Nash has indeed strong equilibrium forces in a dynamic 
setting of incomplete information, can be documented as follows. 
Consider a dynamic setting with incomplete information where each 
producer knows the output decision of his opponent in the previous 
period and assumes that this output decision will remain unchanged in 
the current period. 
Producers maximizing their profits subject to the output decision of 
their opponent as assumed above, will, while moving along their reaction 
curves, finally tend to the Cournot-Nash solution (Friedman (1984)). 
The following graph may illustrate this. 
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The assumption that the output choice of the other player will 
remain unchanged, seems rather unacceptable since the firm observes time 
5. A simple max~m~zer is concerned solely with his own profits, which 
coincides in our model with a Cournot-Nash player. 
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after time, that the other firm systematically fails to stick to its 
previous output choice, as can clearly be seen in the figure. 
Dynamic games of incomplete information can be characterized by 
more "sophisticated" equilibrium concepts, i.e. concepts demanding a 
higher degree of rationality of the players, as recent developments in 
game theory have shown (Fudenberg and Tirole (1986)). A player can 
counteract the imperfectness of the information set by forming beliefs 
about his rival's type. These beliefs are updated during the game, 
applying Bayes' rule by analyzing past players' moves. 
A Perfect Bayesian Equilibrium (PBE) is an equilibrium concept for 
these kind of games. A PBE is simply a set of strategies and beliefs 
such that, at any stage of the game, strategies are optimal given 
beliefs and beliefs are obtained from equilibrium strategies and 
observed actions using Bayes' rule. A Perfect Bayesian Equilibrium 
combines the notions of subgame perfectness with the application of 
Bayes' rule. The players start with forming beliefs about their rival's 
characteristics (i.e. their rival's cost function) and, as the game 
evolves, will confront these beliefs with the moves they observe, 
changing their beliefs when necessary. As a result, incomplete 
information does not favour in particular the Cournot-Nash outcome; but 
other scenarios depending on the objective function of the players 
(Cournot-Nash, cooperation, rivalistic) can be observed as well. Of 
course, more precise information makes collusion easier to sustain. 
Under this hypothesis, the differences between the variances of outcomes 
in experiment A and experiment B are projected not to be as large as 
under the previous hypothesis. 
6. The notion of a player's type summarizes everything which is relevant 
to his decision making. 
In summary, the first hypothesis (Hl) predicts that in experiment A 
the Cournot-Nash solution (Q~ 20) should predominantly prevail, 
whereas in experiment B a higher diversity of outcomes should result. 
The second hypothesis (H2) states that in both experiments a variety of 
outcomes can be observed. 
4. Experimental setting 
In order to test the hypotheses presented above, two series of ex-
periments featuring quantity adjustment duopoly market situations were 
conducted in the context of the Seminar on Experimental Economics at 
U.C.L.,Louvain-la-Neuve. Eight players (i.e. 4 couples) are randomly 
assigned a role as producer A (no fixed costs) or producer B (fixed cost 
equal to 20). These 8 players perform both experiments A and B, 
changing partners for each experiment. 7 After having gone through the 
instructions (see Appendix) a first practice trial is performed in order 
for the subjects to get used to the profit tables. 
The information set available in experiment A contains only the 
players' own profit table (cfr. Appendix). A series of 16 transactions 
are recorded where each player has to decide his quantity produced after 
which the experimenter informs him of the quantity choice of his oppo-
nent. Profits, depending on total market supply, can then be calculated 
by each player. 
After the fifteenth transaction, an announcement informs all subjects 
that the next transaction will be the last one. 
Experiment B extends the information set, i.e. own profits together 
with the profit of one's opponent are given (cfr. Appendix). It needs 
7. The same sample for both experiments excludes differences in outcome 
reflecting sampling from two distinct populations. 
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to be stressed that the results for B are only valid for the case in 
which experiment A precedes experiment B. Again a series of 16 
transactions are performed. 
An analogous experimental series took place at Leuven, with license 
students in economics in the context of a seminar on Industrial 
Economics. The number of players there equals 14. Each experiment 
containes 10 transactions plus a number of practice trials. 8 
The experimental setting is designed to be very close in line with 
Fouraker and Siegel's oligopoly experiments (1963). However, due to 
time and money constraints of running our experiments, a number of 
deviations had to be allowed for. 
* The number of players and transactions is larger in the F&S 
experiments, resp. 32 and 22. 
* The players in our experiments are all students in economics, 
where Fouraker & Siegel use a more diverse public. Furthermore, 
they perform both experiments with different players. 
* Each player is placed in a separate cubicle during the session. 
* The profits that the players can obtain are paid out. 
* Fouraker & Siegel adopt a symmetric fixed cost position. Our 
choice of an asymmetric fixed cost position emerges from our 
specific experimental setting. Since the players are not placed in 
separate cubicles, the possibility that one can observe the other 
player's pay-off is not negligible. More specifically, it can be 
observed from the way the profit tables are distributed whether 
everyone gets the same tables. To exclude these factors, two 
different types of pay-offs with two distinct players A and B are 
8. Because of time constraints, only a smaller number of tr~nsactions 
could be performed. 
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introduced. Since the difference consists only of a fixed cost, 
the equilibrium output ought not to be affected. 
In comparing our results with the F&S results, it needs to be 
closely watched whether these differences in experimental setting have a 
fundamental impact on the results. If the results are different, as can 
be expected, it remains to be established whether indeed these aspects 
of the setting which are different, account for the disparity. 
5. Results 
Before turning to the presentation of the results, a few remarks 
concerning the statistical procedures are in order. To analyze the 
information in the data, characteristics of the sample (mean, 
variance, ... ) are usually calculated. However in our case, the mean 
output value tends to favour Cournot-Nash since the Cournot- Nash output 
choice lies in between the joint maximizing and the rivalistic output 
choice. As such, the information that the mean value reveals, migh be 
misleading. Other averages such as the mode or median value need to be 
considered as well. 
In order to obtain an average output value per experiment, one can 
concentrate on one representative round 9 as unit of analysis, as in the 
F&S book. However, since the choice of one round can lead to arbitrary 
results, all rounds will be analyzed. Furthermore, to capture the 
dynamics within the data, averages per round migh give interesting 
information. 
9. Not the last round because of end-game behavior. 
12 
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Finally, in view of the small number of players involved, a closer 
look at the data, going beyond averages, is recommended. 
5.1 Experiment A 
Table l 
QUANTITY (Q) AND PROFITS (PR) PER ROUND FOR SESSION A 
ROUND 1 2 3 4 s 
1 29 2S 23 22 20 
244 170 175 167 168 
4 10 18 18 19 19 
64 102 117 I24 140 
2 22 20 21 2I 19 
138 140 1S6 140 147 
6 20 20 18 20 19 
144 16C 151 1S2 167 
3 28 21 21 22 21 
146 176 185 IS8 176 
7 19 18 17 20 18 
79 I31 130 124 I31 
5 20 22 21 21 21 
160 158 160 lSI 160 
8 20 20 20 21 20 
140 124 132 131 132 
MEAN Q 21.00 20.50 19.88 20.75j9.63 
STD 5.50 2.12 I. 90 0.97 1.00 
MEAN OF THE MEANS Q = 19.09 
MEAN OF THE MEANS PR = 153.13 
MODUS OF THE MODI = 20 
MEDIAN OF THE MEDIANS= 19.75 
STD OF THE SAMPLE = 2. 73 
6 7 8 
20 18 18 
160 !58 !58 
20 20 20 
140 156 156 
IS 15 1S 
142 160 160 
18 1S 1S 
194 180 180 
21 23 24 
168 166 154 
19 19 20 
132 I 17 108 
21 20 20 
151 160 160 
21 20 20 
131 140 140 
19.38 18.75 19.00 
I. 93 2.53 2.23 
9 10 11 12 13 14 15 16 
17 1S 1S IS 20 20 20 20 
156 144 144 1SO !SO 160 lS2 1S2 
20 2I 21 20 20 20 21 21 
164 182 I40 180 180 140 140 140 
1S 1S 15 15 1S 15 15 IS 
160 160 160 I60 160 160 160 160 
15 IS 15 15 1S 1S 15 1S 
180 180 180 180 180 180 180 180 
21 21 21 2I 21 18 18 21 
168 168 168 168 168 166 158 160 
19 19 19 19 19 19 20 20 
132 132 132 132 132 146 156 132 
20 20 20 20 IS 20 20 20 
160 160 160 160 1SO 160 160 160 
20 20 21 20 20 20 20 20 
140 140 180 140 180 140 140 140 
18.38 18.25 18.25 18. 13 17.SO 18.38 18.63 19.00 
2.59 2.59 2.47 2.55 2.06 2.24 2.35 
MEAN Q MEAN PR 
19.SO 
163.38 
19.2S 
141.S6 
16.75 
IS3.94 
16.S6 
173.00 
21.43 
165.81 
19.00 
127.88 
20,06 
1S8.63 
20.13 
141.88 
STD Q 
3.81 
2.89 
2.64 
2.09 
2.20 
0.78 
1.44 
0.32 
Although the mode of the sample is 20 (median 19.75, mean 19.09), 
indicating that the most frequently observed output is indeed Cournot-
Nash, thereby favouring H1, these results need to be modified if we take 
a closer look at the detailed results per couple. 
Two couples (i.e. half of the observations), namely 5-8 and 3-7, 
evolve nicely towards a Cournot-Nash solution. Within couple 1-4, 
player 1 gives clear and sustained signals for cooperation, but player 4 
does not move from his Cournot-Nash point. Players 2-6 manage to reach 
the cooperative solution from round 7 on. These players probably 
projected that their counterpart had an analogous cost structure and 
thus profit table. These beliefs proved to be successful, thereby 
creating the possibility to cooperate. 
OUTPUT 
10 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
29 
Fig. 1 Percentage bar chart experiment A 
FREQ PERCENT 
I 
I 
I* 1 
I******************** 25 
I* 1 
I** 2 
!******** 10 
I********** 13 
I********************************** 43 
!****************** 23 
I*** 4 
I** 2 
I* 1 
I* 1 
I* 1 
I* 1 
----+---+---+---+---+---+---+---+--
4 8 12 16 20 24 28 32 
PERCENTAGE 
0.78 
19.53 
0.78 
1.56 
7.81 
10.16 
33.59 
17.97 
3.13 
1.56 
0.78 
0.78 
0.78 
0.78 
As can be seen clearly in figure 1, we have on the one hand most 
of the observations concentrated around the Cournot-Nash solution, but 
on the other hand, the joint-maximizing output has also a distinct at-
14 
tractiveness, supporting H2. Rivalistic behavior can be considered as 
being absent (1 observation in round 1). 
The Fouraker & Siegel results 10 show a higher tendency towards the 
Cournot-Nash solution, i.e. a higher percentage of Cournot-Nash outcomes 
prevail : only 2 out of 32 players could be counted as joint maximizers. 
Furthermore, rivalistic behavior seems to prevail more than in our 
sample (6 out of 32). Nevertheless, their mean (20.9) and median (20) 
value are quite close to ours. 
The results of the Leuven-experiment exhibit even more cooperative 
behavior (cfr. table 2). The students mostly assumed, correctly, 
identical cost structures for all players, rendering cooperative 
behavior as likely an outcome as Cournot-Nash (H2). 
Table 2 Frequency of outputs in experiment A 
Leuven Lou vain Fouraker&Siegel 3 
Cooperation 1 28 % 20 % 6 % 
Cournot-Nash 2 30 % 61 % 75 % 
1 Outputs of 14,15 or 16 are counted as cooperative outcomes. 
2 Outputs of 19, 20 or 21 are counted as Cournot-Nash. 
3 Only the penultimate transaction is considered, whereas in our 
sessions all observations are counted. 
10. Only the results of the last transaction but one are taken into 
account. 
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5.2. Experiment B 
Table 3 
OUTPUT (Q) AND PROFITS (PR) PER ROUND FOR SESSION B 
ROUNDS 1 2 3 4 
I 18 I 7 IS 20 
158 156 144 !52 
7 20 20 21 21 
156 164 182 146 
2 21 25 23 23 
140 130 136 146 
5 21 20 20 19 
"' 
152 120 129 137 
"" ~ ~ 
<>: 3 16 23 20 19 "--' p.. 
109 138 160 190 
8 23 22 20 16 
173 112 140 140 
4 16 23 20 22 
I 72 155 188 191 
6 14 18 14 14 
168 157 146 134 
MEAN Q 18.50 21.00 19. 13 19.25 
STD 2.83 2.55 2.59 
MEAN OF THE MEANS Q = 19.74 
MEAN OF THE MEANS PR = 148.28 
MODUS OF THE MODI = 20 
MEDIAN OF THE MEDIANS = 20 
3TD OF THE SAMPLE = 2.53 
2.82 
5 6 7 
20 20 19 
168 168 182 
19 19 I 7 
140 140 143 
21 21 25 
140 140 130 
20 20 20 
152 152 120 
22 21 21 
158 160 151 
20 20 21 
124 132 131 
23 22 22 
136 191 191 
20 14 14 
136 134 134 
20.63 19.63 19.88 
I. 73 2.29 3. 10 
8 9 10 II 12 13 14 IS 
19 18 20 20 19 19 17 17 
182 180 184 152 152 167 156 177 
17 17 17 21 21 19 20 17 
143 150 136 140 148 147 136 157 
24 24 24 24 20 20 20 23 
134 124 143 105 116 116 116 136 
20 21 19 23 23 23 23 20 
128 126 129 120 156 156 156 136 
22 22 21 20 19 19 19 18 
150 141 143 152 152 160 167 1n 
21 22 22 21 21 20 19 18 
123 121 130 140 148 148 147 153 
22 20 20 18 21 20 19 19 
103 188 108 139 156 164 170 178 
24 14 24 20 18 17 16 15 
134 146 154 176 lSI !56 160 156 
21. 13 19.75 20.88 20.88 20.25 19.63 19.13 18.38 
2.26 3.03 2.26 I. 76 1.48 1.95 1.96 2.23 
16 
16 MEAN Q MEAN PR STD Q 
16 18.38 1.52 
173 165.69 
17 18,94 I .65 
164 149.50 
19 22.31 1.92 
117 129.31 
23 20.88 1.50 
166 139.69 
17 19.94 1.90 
177 155.00 
17 20.19 I .86 
157 138.69 
20 20.44 I. 83 
108 158.63 
24 17.50 3.73 
154 149.75 
19. 13 
2.80 
The quantity choices of each player are shown in Table 3. 
Following a joint-maximizing strategy, which yields a higher profit than 
Cournot-Nash, is expected to prevail more compared to experiment A in 
case of complete information (hypothesis H1). 
Fig. 2 Percentage bar chart Experiment B 
OUTPUT FREQ PERCENT 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
****** 6 
** 2 
***** 5 
************* 12 
******* 7 
****************** 17 
******************************** 31 
•****************** 17 
I********** 10 
I************* 12 
I******* 7 
I** 2 
----+---+---+---+---+---+---+---+ 
3 6 9 12 15 18 21 24 
PERCENTAGE 
4.69 
1.56 
3.91 
9.38 
5.47 
13.28 
24.22 
13.28 
7.81 
9.38 
5.47 
1.56 
Again the most frequently observed quantity is 20 (Cournot-Nash) 
(median 20, mean 19.74). The cooperative solution occurs in 10% of the 
cases, which is lower than in experiment A. Contrary to the predictions 
of H1, introducing more info does not seem to increase the variability 
of the outcomes, on the contrary. The standard deviation in experiment 
B, S8 x is equal to 2.53, whereas SAx= 2.73. An F statistic is computed 
to test for the equality of the variances (Steel and Torrie (1980)). 
The hypothesis of equal variances cannot be rejected 
F 127.127 c 1.16 < F*o.os = 1.35 
thereby rejecting H1. 
A closer look at the data can nuance this result somewhat. Couples 
1-7 and 3-8 show a tendency towards cooperation but the number of 
17 
18 
transactions does not suffice to get to the joint maximizing output of 
15. Couple 2-5 clearly is playing Cournot-Nash (although player 2 
played cooperative in experiment A). Player 6, opposed to player 4,. 
gives clear signals to come to the cooperative solution, but 4 does not 
move from the Cournot output level. 
In summary and using extrapolations, 5 out of 7 players can be la-
beled as cooperators whereas 2 persons play Cournot-Nash. Player 2 is a 
careful TIT for TATter 11 (cfr. infra). 
Table 4 :Frequency of outcomes in experiment B 
Leuven Lou vain Fouraker&Siegel 
Cooperation 17 % 10 % 18.75% 
Cournot-Nash 35 % 51 % 25 % 
Rivalistic 4 % 0 % 22 % 
Comparing our results with Fouraker & Siegel's, table 4 clearly 
shows a larger diversity of outcomes in the F&S experiments. Louvain-
la-Neuve has the highest concentration around one particular outcome 
Cournot-Nash. Again, it needs to be stressed that more transactions 
here, could probably have increased cooperative behavior thereby 
increasing the variance. 12 
11. TIT for TAT is a strategy which starts with playing nice, i.e. 
cooperative, and then behaving cooperative or not depending on whether 
one's opponent played cooperative resp. non-cooperative in the previous 
round. For a more detailed discussion of TIT for TAT, see De Bandt and 
Kesteloot (1986). 
12. The fact that rivalistic behavior occurs relatively more in Leuven 
than in Louvain-la-Neuve, could be explained as follows. In the Leuven 
experiment, an announcement was made before the experiments took place, 
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If we look at the dynamics of output choices, we would expect no or 
little cooperation at the end of the transactions due to endplay 
behavior (see Radner (1980)). Since no retaliation is possible, output 
can be raised to obtain more profits (in case the other keeps on playing 
cooperatively 1 3), The shorter the time-horizon left, the likelier the 
non-cooperative behavior. At the beginning and in the middle of the 
game, we would expect more cooperative behavior to prevail. 
Table 5 Dynamics of frequency of output choices (experiment B) 
Leuven Louvain 
Rounds ; 1-3 4-7 8-10 1-3 4-14 15-16 
Cooperation 14 % 27 % 7 % 21 % 12.5 % 12.5 % 
Cournot Nash 33 % 27 % 48 % 42 % 58.0 % 25.0 % 
The Leuven results show these dynamics with a lower percentage of 
cooperation in the last two rounds 14 In the ultimate round (16) 
nobody is behaving cooperatively anymore. In Louvain-la-~euve, little 
endplay behavior can be observed, except for player 6 (see table 3). 
that a fraction of the quotation of the students on the seminar would 
be according to their performance in the experiments. This probably 
promoted rivalistic behavior. Nevertheless, the percentage rivalry is 
very low compared with F&S. 
13. And even if the other one is following the same reasoning, it is 
still better for you to raise your output too. (cfr. prisoners's dilemma 
situation.) 
14. In these two rounds, the players knew the end was near, since before 
the players had to decide their output choice in round 14, the end after 
round 15 was announced. 
The frequency of cooperative outcomes does not decrease in the last 
rounds. 15 
3.3. Signalling 
Fouraker & Siegel report tests of the "level-of aspiration" theory, 
which states that a subject who aspires to receive his •fair share" of 
profits, which is an equal division of profits, will give the following 
signals. If q~t < qjt then q~t+::L > q~t which is a rivalistic signal; if 
if q~t > qjt then q~t+::L < q~t which is a cooperative signal. 
Since we have introduced a fixed cost asymmetry, an equal division of 
profits is not directly related to the output choice. The 
interpretation of these signals is therefore not comparable with the 
Fouraker & Siegel results. 
15. As the following contingency table shows, there is no effect of the 
rounds on the output choice. The hypothesis of independence between 
rounds and output choice cannot be rejected (X2 = 1.3 < X2 ~o.os ). 
TABLE OF OUTPUT BY ROUND : EXPERIMENT B 
OUTPUT ROUND 
Frequency 
Expected* I 1-14 I 15-16 I Total 
---------+--------+--------+--------+ 
15 I 11 I 2 I 13 
I 12 I 1 I 
---------+--------+--------+--------+ 
20 l 61 I 4 I 65 
I 60 I 5 I 
---------+--------+--------+--------+ 
Total 15 51 78 
Frequency Missing = 50 
* Expected frequency is calculated under the hypothesis of independence 
between the row and column variable. 
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The kind of signals that are investigated are the signalling 
towards the cooperative solution output, away from the noncooperative 
equilibrium trap of the prisoners' dilemma. 
- A lowering of outputs towards the joint maximizing level is 
interpreted as a cooperative move C. The player is showing his 
cooperative intentions, hoping this will induce his rival to 
respond analogously. 
- A raising of outputs away from the joint maximizing level is 
interpreted as a non-cooperative move R. 
a) cases of successful signalling 
Output 
~·hoi ,:e 
19 
ltl 
17 
I h 
\ 
\ 
II. 
\ I 
\I 
t 
experiment A couple 2-6 (cfr. p. 14) 
~ Player 2 
c 
Player 6 
4 5 8 9 I 0 II 12 I 3 14 15 16 round 
Player 6 shows clearly his intention to cooperate, but also to 
retaliate when 2 is raising his output (round 4) (TIT for TAT), after 
which player 2 shows his cooperative intentions. This is clear enough 
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for both players to reach the cooperative output choice 15 until the end 
(no end-play behavior). 
experiment B couple 3-8 
Output 
choice 
2) 
" 
--
_, 
20 
19 
18 
17 
lh 
li 
__ ..;;c Player 3 
------ Player 8 
' 
4 :;, A 9 I 0 1 I I} I l 14 1 5 I h round 
Players 3 and 8 need more rounds, compared with the previous case, 
before they are able to establish their cooperative behavior. The first 
nine rounds are used for a careful TIT for TAT screening of each other's 
intentions move (non-)cooperatively only if the other player 
previously moved (non-)cooperatively. Round 5 is an exception, where 
the players simultaneously raise their output choice. 
It is player 3 (the player with no fixed costs) who, in round 10, 
unilaterally shows a cooperative move. Player 8 positively responds, 
thereby sustaining the cooperative outcome until the end (no end-game 
rise in output). 
b) Unsuccessful signalling 
dutput 
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Player 6 shows again regular and obvious cooperative intentions, as 
was the case in experiment A. Since player 4 is not susceptible to a 
cooperative solution, the retaliatory raises in output by player 6 a~e 
increasingly aggravated compare the rivalistic rise in output in 
rounds 8 and 10 (Q=24) with round 2 (Q=18). 
The joint maximizing solution is almost attained in the first round 
(output choices 14-16) but, since player 4 never returns to lower, 
cooperative output choices, this is an exceptional sidestep of the non-
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cooperative player 4 (Also in experiment A, he showed no willingness to 
cooperate) . 
Finally, an end-game rise in output can be observed. 
Output 
choice 
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Experiment B, couple 2-5 
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Although player 2 has enjoyed the experience of the high joint 
maximizing profits in experiment A, she does not show any clear attempts 
to lower output levels in experiment B, on the contrary. A serious 
decline in profits results : average profits are 129 in experiment B 
whereas in experiment A a profit of 154 is obtained. It is only in a 
cooperative environment, that the cQoperative intentions of a TIT for 
TAT player as player 2 can flourish. Opposed to a non-cooperative 
player 5, player 2 chooses high output levels : her mean output choice 
is 22.3 which is the highest among all players (cfr. table 3). 
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The end-game lowering of output leave~ the experimenter with 
question marks. 
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A final remark in cases of (or attempts towards) successful 
cooperation, it is always player A, i.e. the player with no fixed costs, 
who shows the highest eagerness to cooperate. 10 One cou~d hypothesize 
that players with fixed costs try to compensate for the relative loss of 
profits compared with their rival (cfr. level-of aspiration theory), by 
raising output levels, which results in more rivalistic behavior. 
6. Conclusions 
At the core of the experiments conducted, there are two conflicting 
hypotheses concerning the influence of information in quantity 
adjustment duopoly situations. For the first hypot~esis (Hl), stating 
that in case of incomplete information the Cournot-Nash solution will 
predominantly prevail and with complete information, a higher variety of 
results should be observed, no clearcut statistical evidence could be 
found, contrary to the Fouraker & Siegel results. Only modest 
qualitative support could be presented. 
16. The contingency table shows the higher frequency of cooperative 
output choices by player A compared with the expected frequency in case 
of independence. 
TABLE OF OUTPUT BY PLAYER : EXPERIMENT B 
OUTPUT PLAYER 
Frequency! 
Expected I A I B I Total 
---------+--------+--------+ 
15 I 11 I 2 I 13 
I 1.0 I 6.0 I 
---------+-~------+--------+ 
20 I 31 I 34 I 65 
I 35.0 I 30.o I 
---------+--------+--------+ 
Total 42 36 78 
Independence between the type of player and the output choice can easily 
be rejected (X 2 = 5.942 > X2 *o.o~ ) 
The second hypothesis, stating that rational players form beliefs 
about unknown parameters which are updated according to Bayes' rule, 
"tends" 17 to explain better the experimental results in that no 
significant higher variance of outcomes in case of complete information 
is observed. 
The bids made by the subjects may be viewed as signals, or as at-
tempts to communicate. The examination of these signals shows the long 
and difficult road to cooperation. 
One should be very careful in drawing conclusions from these 
experimental results. First, the characteristics of individual 
behavior have a large impact on the results, since the number of players 
is relatively small. Second, the number of transactions appears to be 
too small to overcome learning behavior and to reveal the players' real 
behavior, especially in the Louvain-la-Neuve experiments. And third, 
the asymmetry in the cost structure was very simple, faciliting the 
formation of correct beliefs. A replication of the experiments with 
more players and more rounds and perhaps using more complex cost 
structures such as asymmetric marginal costs, seems to be appropriate. 
The new developments in Industrial Organisation, especially the 
(very sophisticated) game-theoretic oligopoly models, escape very often 
empirical testing because of difficulties in obtaining adequate, 
detailed enough data from the natural environment. Experiments can, 
especially in this cas~ provide an alternative, relatively unexpensive 
and quick source of data, whose relevance can be established, when 
17. It needs to be stressed that this hypothesis was not directly 
tested. Since it only served as an alternative hypothesis, it is not 
possible to make any decisive statements concerning the validity of H2. 
26 
handled with care. We can conclude, together with Smith (1982, p 924) 
"It is important to economic science for theorists to take 
seriously the data and disciplinary function of laboratory 
experiments, and even to take seriously their own theories as 
potential generator of testable hypotheses. . .. It is equally 
important that experimentalists take seriously the collective 
professional task of integrating theory, experimental design and 
observation." 
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APP.~!l-~~-~-.. }.: Instructions and profit tables fo~· ~~ayers B: 
Experiment A. 
Instructions to seller B. 
You will be paired at random with one other person. You will 
not see this person nor speak with him at any time. You will 
never know the identity of your competitor, called seller A, 
nor will he be aware of yours, 
Imagine that you and seller A are the sole producers of some 
standardized commmodity. You and he will engage in a series 
of transactions by means of written bids, the bids on each 
transaction representing the quantity of the commodity 
produced for that transaction. You must bid on each 
transaction. 
You will be furnished with a table which shows the various 
levels of profit or loss you can attain. The quantities you 
may produce are listed across the top of the table, while 
the quantities produced by seller A are listed down the left 
hand margin. Your profits are represented within the body of 
the table by the intersection of the quantities produced by 
you and the quantity produced by seller A. For example, on a 
given transaction you might select a quantity of 24; you 
will receive one of the profits in the 24th column. If 
seller A had selected a quantity of 28, then your profit 
would be at the intersection of column 24 (your bid) and row 
28 (his bid). The profit shown at this point is 57. 
The process is ~tart~d hy each player ~electing and 
recording a quantity on the sheet provided for that purpose 
(sheet I). You may select any quantity across the top of the 
table, and then record it. An experimental assistant will 
then collect your sheet and return it to you with the 
quantity chosen by seller A filled out. You can then 
calculate the amount of profit or loss you made on that 
transaction. After each transaction, your sheet should show 
your quantity bid, seller A's quantity bid, and your profit 
or loss from that transaction. 
The process is repeated over and over. You may select the 
same quantity each time; you do not have to do so, however. 
Decisions will ordinarily be made every few minutes, but 
extra time will be granted when nec~ssary. 
In order for you to become accustomed to using the profit 
table, the first 3 bids will be for practice. 
Are there any questions? 
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C' 
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1'? 20 21 22 23 24 25 26 27 
284 292 299 306 311 316 32(1 323 326 
271:. 2S<t 29! 297 30C: 3(16 310 313 315 
269 276 282 288 293 297 300 302 304 
26! 268 274 279 284 287 290 292 293 
254 2t,(• 266 270 27<t 278 28{> 282 282 
246 252 257 262 265 266 270 271 272 
238 244 249 2S:: 256 258 26(1 261 261 
231 236 24(> 244 247 24c; 25(1 250 250 
223 228 232 235 238 239 24(1 240 239 
216 220 224 £26 228 230 230 230 228 
208 2!2 215 218 219 22(1 2~0 219 218 
20C> 2(14 207 209 21<' 210 2 1(1 209 207 
193 196 198 200 201 201 2•)(1 198 1<;6 
185 188 19<:> lGII 192 191 190 IBEI 18:1 
17a 1so tee !B2 1e2 182 1Bv t78 174 
17(1 172 173 174 173 172 170 16~ 164 
1o2 16; 1o~ 165 164 162 16•) 1:57 1'53 
155 150 256 1~6 ~~~ 153 :.Sf• 14b lltZ 
147 148 14e 147 146 143 14•) 136 131 
140 140 14(• 138 136 134 13(1 126 12(• 
132 132 131 130 127 124 120 115 110 
124 1E4 12~ 121 liE 114 110 1(15 99 
tt7 11a tl4 112 toc;o 10s t0(• q.,. ee 
109 lOS 1(16 103 10C 95 '7'0 8'+ 77 
102 100 c;os 94 9<· 86 eo 74 66 
94 92 eq 86 s1 76 7<> 63 56 
86 84 81 77 '7t.:. bb oO 5::t 45 
79 76 72 68 63 5~ 5~ 42 34 
71 bB e~ :;c; ~ • .:. 47 1..(· 3E: 23 
64 60 56 so 4'< 82 :?(; 22 12 
56 52 47 42 3S 28 2(, 11 ~ 
4e .:.4 :;· 33 2e. 10 l(t ! -9 
41 36 3(· 24 17- 0 0 -1(' -2(• 
33 28 2~ 1~ l · -1 -10 -£·•) -Sl 
26 E(l 14 o -E -II) -2(• -30 -42 
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-20 -2e -3., -4<> -57 -68 -eo -93 -to6 
-28 -36 -~~ -5: -6~ -7E -90 -103 -117 
-35 -<+'> -s<+ -6<. -7:: -e7 -: c•.:> -114 -tee 
-43 -52 -1>2 -73 -8L -97 -11(• -124 -13'i 
-!:C• -6CJ -70 -62 -9~ -lOb -12(• -134 -15(• 
-5e -be -79 -9o -tc3 -116 -t::.o -145 -16C 
-66 -76 -87 -99 -112 -126 -140 -ISS -171 
-73 -6'+ -9~· -I OS -12' -1 ::!5 -1 :0,(. -166 -182 
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Profit table for seller B 
Quantity produced by you 
28 2"1 3(1 31 32 33 34 35 36 37 38 3"1 40 41 .·.e 43 
327 328 329 327 326 323 320 316 311 306 2"1"1 292 294 ~ 266 ass 
316 316 316 315 313 310 306 302 297 2"11 284 276 269 259 24:0 238 
305 305 3(>4 302 30{1 297 293 288 292 276 269 261 252 242 .~32 ':!21 
CC'94 293 292 29(• 287 284 279 274 268 261 2:54 245 236 226 21 '5 304 
282 282 28\• 27£: 274 270 266 260 25.. 2 .. 6 23El 230 22C• 2H> 1"'8 1136 
271 270 2t.r. 265 262 257 252 2<+t. 239 232 223 214 2<•<+ 193 ;ae t69 
26~• 258 25o 253 249 <'44 238 232 225 217 208 198 189 177 165 152 
249 247 2<+<+ 240 236 231 225 218 210 202 193 t83 172 160 :.:,a 135 
238 235 232 228 223 218 211 204 196 187 178 167 1Sb 144 131 118 
2<?6 224 220 216 210 204 198 1"10 182 17l? 162 152 14(> 128 114 100 
&:!15 212 208 203 1"16 1"11 184 171:. 167 158 147 136 124 111 '18 83 
i:04 200 1<?t> 191 185 178 !7C• 162 153 143 132 120 1(19 "'S 91 .:.6 
19Z 18"1 184 17E, 172 165 157 148 138 128 117 !OS 9C' 78 64 <+9 
!BE 177 172 166 159 152 143 134 124 113 1(1~ 89 76 62 I 47 32 
17•:• 166 16(1 154 146 138 13(• 12(> 11(1 98 86 7'+ 6(1 .. c- 30 14 
1SC:: 154 1413 141 134 !c.'S lib 106 95 84 71 SEI 44 l?9 !"> -3 
14El 14i? 13b 12'? 1l?1 112 102 92 61 69 56 42 29 13 -3 -2•) 
137 131 124 I 16 H•El 99 89 78 6o 54 41 27 12 -4 -20 -37 
t2e tl 0 112 !(•~ 95 66 75 b4 52 39 26 11 -.:., -20 -37 -~4 
! 14 lOB 1(1.) 92 B2 72 b2 50 39 £4 10 -4 -2<• -36 -'5'+ -7!: 
t<•? 9c. ee:: 79 7c~ s~ 46 3b 23 te -5 -eo -:ab -~~ --:c\ -e·~ 
9E" e.. 76 67 57 46 ~4 22 9 -5 -eo -:36 -sr -~.c:· ~·87 -t:.)6 
E! 73 6:. ::04 44 3:0 21 a -o -20 -35 -s1 -c-2 -eo -104 -1~'3 
7.:· e-1 ::.2 <+2 31 ;:·o 7 -6 -2c -35 -s<• -o7 -e .. -HIE: 121 ·-1<+0 
58 S•) 4~• 3'' IS b -o -20 -34 -50 :_6b -82 -!O•:o -liB 1:;>8 -iSS 
4'7 3E 2a 1'7 ts -7 -2(: -:34 -49 -bL, -81 -9S -llt- -13~ !54 -17'5 
3e: 2b te '!· -7 -E'·~· -34 -4e -63 -79 -9t: -tt£t -t3Z -151 , t7t -192 
<.'!: 15 4 -E' -i:'>:· -3:". -47 -62 -78 -94 -111 -129 -145 -!o6 f-198 -iN9 
t"f 3 -a -2~.~ -3::~ -4& -61 -76 -9c -10'7 -120 -145 -1e-~ -tea.. i-2f:'s -226 
' -e _,, .. -22 -~e -6<· -74 -9<, -J(t6 -12u -1:.2 -16<, -1B•-, ·-Ct:"*t) '-222 -244 
-" -2·:- -22 ·-4!0 -5<: -7? -8& -IO'- -121 -t3e -157 -1~6 -I<;& -i?l7 La3a -2ol -~( -32 -4'+ -~- -7~ -9.~ -102 -116 '-i3S -153 -172 -lC?E -21E· -233 t~~5 -278 
-:?1 ·-43 -5t -7'.J -ELt -ot:: -11!j -132 -150 -toa -lSI -E07 -22C -E~·~> . 272 -29~ 
-4E -:;.;:. -t E -e<: -"17 ··11::· 129 -14t- -164 -182 -2N2 -223 -24<. -21..6 ~269 -312 
-:::•« -6o -&•. -<t<, -110 lE6 -142 -leO -·178 -1"18 ·-21E -2:?8 -26:) -i?(li:· t.306 -330 
-~~· -7£- -;"i:: -:<,·-· -122 -1?.:.• -15::. -174 -·J93 -Cl2 -23::! -25'+ -27~ -29'; 322 -347 
--·t: -q(, -;(:""+ -11'7 -135 -15::· -17(· -18B -C?(J/ -227 -249 -e7•:' -C~C: -21:, 339 -304 
-a-:- -H•l -116 -13~ -14E! -tt.~· - 183 -202 -222 -242 -263 -21.':!- -::..:oe· -Z:'!C: J:::o -381 
-c;"E -113 -J26 -14!.. -·16l -176 -197 -21£, -236 -25'7 -C'7B -301 -32~ -31.f8 ,37J -391? 
-1!(• -124 -14:• -J::.~ -174 -19<. ·2}(: -23•) -25(1 -272 -294 -31o -~<t·:• -36•• f-39(• -416 
-121 -13e. -152 -11:·.; -1ae -2(·~· -224 -244 -26~ -286 -3oc; -33E· -3~5t -31.:1 t-lt.06 -433 
-132 -14B -16" -tel -19'> -21s -c:::.<e -2:-e -279 -3(•1 -324 -3'+f. -3-:2 -3<·'7 ··423 -4so 
-14: -159 -J7t. -!9-.. -C12 -2:=·1 -251 -272 -2Q4 -~:16 -.339 -.3t:.3 -3E·8 -41'-t r440 -467 
-1~4 -171 -lf8 -2:)t- -2~~~ -24.,. -2~5 -Z8b -308 -331 -354 -37~· -4•)'+ -43:• L457 -484 
-let: -18L -2{<• -21E' -238 -2SE -278 -3(H) -322 -340 -37(' -3'9~ -4E·:· -44:: [:+74 -502 
-17'7 -194 -C:iL -:.:31 -25'• ·-Z-7! -292 -31~ -327 -36(' -385 -4j·) -t.t~:t.- -4t.t3 4·-?0 -519 
-tee -2(•6 -z~~ -2tt.Z -2£.3 -EU4 -3C.•6 -s:?e -3::1 -37~· -40<• -lo426 --4~2 -47fi 507 -536 
-!99 -21-::- -2::.e_. --2~~ -27t. -2:;:- -319 -342 -366 -:?9·.J -41~ -44: -'tt,a -4e;·" 524 -553 
-C'l(· -229 -C4E -266 -egn -31•:• -332 -·35t:. -380 -405 -430 -4~7 -4(!...; -SlC" 5-+1 -570 
-2ec -C!"+,., -c·e.·· -2s.:' -3('[ -324 -34b -370 -394 -4C:O -446 -£t72 -~(u.' -sctt ·-558 -sae 
44 45 4b 47 <>8 4';1 50 
2<>'+ ;;32 21? 2•)c 1"1 176 tbO 
2~6 214 201 187 172 1~6 1~0 
ao9 1 •~> 1e2 toa 1::!3 t37 li!ll 
191 179 le'+ 1-+9 134 117 101) 
17'+ :oo 14o 130 t14 99 9c 
1Sa t42 127 112 95 78 60 
139 12" 1•)';1 ·73 7b 56 40 
121 t\)O qo ~~ 57 3'? at> 
103 99 72 55 39 !? •) 
06 70 54 Jb 19 " -2•) 
68 se 35 !9 -l -ev -.:.o 
~t) 3.:. t 7 -1 -~0 -4t) -6•) 
33 1c. -2 -:o -39 -59 -B•l 
15 -a -2') -3';1 -513 -7<~ -tc··· 
-2 -2•) -3:3 -59 -79 -:09 -12>) 
-3') -38 -57 -7·'> -''17 ·119 -140 
-38 -~6 -75 -~5 -116 -138 -160 
-55 -74 -94 -11~ -135 -1:57 -190 
-73 -'?2 -112 -133 -154 -177 -2(•0 
-90 -110 -~30 -152 -17'+ -t'16 -aeo 
-108 -12a -t49 -!"'•) -173 -2to -240 
-12b -l'+b -167 -199 -212 -236 -260 
-t43 -164 -t36 -a'.•a -231 -e:5s -nso 
-tot -1a2 -eo .. -227 -:so -275 -30<1 
-t-:e -200 -222 -246 -270 -294 -32) 
-196 -218 -241 -264 -289 -314 -341) 
-214 -236 -259 -283 -31)8 -334 -~o() 
-231 -254 -278 -302 -327 -353 -380 
-249 -272 -e'i'6 -321 -34o -373 -<+•~) 
-26b -290 -314 -340 -366 -392 -420 
-284 -3(;8 -333 -358 -385 -412 _.,. ... ;, 
·-302 -36'6 -3:::1 -377 -404 -432 -460 
-319 -344 -370 -396 -423 -451 -480 
-337 -362 -388 -415 -<t42 -471 -5(•0 
-354 -380 -406 -434 -4o2 -490 -520 
-372 -3"18 -425 -452 -'+81 -510 -540 
-390 -416 -443 -471 -500 -53•) -560 
--41)7 -434 -462 -490 -519 -549 -590 
-425 -452 -460 -509 -538 -56"1 -61)0 
-442 -<+70 -498 -528 -sse -5aa -620 
-46t) -488 -517 -~o -577 -608- -640 
-478 -:::oa -535 -5o5 -596 -628 -660. 
-495 -52'+ -554 -584 -615 -647 -690 
-513 -542 -572 -603 -o34 -o67 -700 
-s3o -sc.o -57•) -o22 -654 -&66 -720 
-548 -578 -607 -640 -673 -706 -740 
-566 -596 -627 -659 -692 -726 -76•> 
-583 -614 -646 -679 -711 -745 -760 
-601 -632 -664 -o97 -730 -765 -eoo 
-biB -650 -682 -716 -750 -784 -820 
A.P.P..~ .. r.l. .. <:i. .. !.?.<: ...... ?: Instructions and profit tables for players B: 
Experiment B. 
Instructions to seller B. 
You will be paired at random with one other person. You will 
not see this person nor speak with him at any time. You will 
never know the identity of your competitor, called seller A, 
nor will he be aware of yours. 
Imagine that you and seller A are the sole producers of some 
standardized commmodity. You and he will engage in a series 
of transactions by means of written bids, the bids on each 
transaction representing the quantity of the commodity 
produced for that transaction. You must bid on each 
transaction. 
You will be furnished with a table which shows the various 
levels of profit or loss you and your competitor can attain. 
The quantities you may produce are listed across the top of 
the table, while the quantities produced by seller A are 
listed down the left hand margin. Both your profits and his 
profits are represented within the body of the table by the 
intersection of the quantity produced. The left figure at 
each intersection is your profit for that transaction, while 
the right figure is the profit earned by your competitor. 
For example, on a given transaction you might select a 
quantity of 24; you will receive one of the profits in the 
24th colu~n. If seller A had selected a quantity of 28, then 
profits would be at the intersection of c~lumn 24 (your bid) 
and row 28 (his bid). Your profit shown at this point is 57 
and the profit for your competitor is 90. 
The process is started by each player selecting and 
recording a quantity on the sheet provided for that purpose 
(sheet I). You may select any quantity across the top of the 
table, and then record it. An experimental assistant will 
then collect your sheet and return it to you with the 
quantity chosen by seller A fill~d out. You can then 
calculate the amount of profit or loss you made on that 
transaction. After each transaction, your sheet should show 
your quantity bid, seller A's quantity bid, and your profit 
or loss from that transaction. 
The process is repeated over and over. You may select the 
same quantity each time; you do not have to do so, however. 
Decisions will ordinarily be made every few minutes, but 
extra time will be granted when necessary. 
In order for you to become accustomed to using the profit 
table, the first 3 bids will be for practice. 
Are there any questions? 
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Profit table for seller B 
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-j(l 
-1~· 
-2(l 
--r~. 
-3( 
219 232 
21 '• 226 
21)<;• 221 
f:(H1 215 
1913 2H• 
lt;'3 2('4 
189 198 
183 193 
178 187 
172 182 
167 176 
16i? 170 
157 16~ 
152 15q 
146 154 
14! 148 
.j 3b 142 
131 137 
l2£. 131 
!['(• 126 
1·!~ 12<• 
1 J(> 11'< 
J r)5 1('7 
1•)(1 ]l'\3 
9:. 92 
e~ 92 
8'> Elb 
79 81 
...,4 7~· . 
!':3 70 
63 tA 
Sf: 59 
'5~.l 53 
48 /,"7 
'•2 42 
~.... 36 
3::? 30 
27 2:0 
2E lq 
lC:· 14 
!1 e 
e 2 
-3 
-'< -9 
-!C -14 
-I~ -20 
-20 -26 
-2~ -31 
-30 -:?7 
-·3! -42 
244 
238 
232 
£26 
220 
214 
208 
202 
196 
19(1 
184 
178 
172 
166 
160 
154 
148 
142 
136 
130 
1~4 
liB 
Ill:'? 
106 
100 
9'< 
88 
82 
76 
70 
64 
58 
5E 
46 
4(! 
34 
28 
E2 
1t> 
1(1 
4 
-2 
-8 
-14 
-2(, 
-26 
-2:: 
-ss 
-44 
-50 
255 
249 
242 
236 
23(1' 
E!23 
217 
210 
204 
198 
191 
195 
179 
172 
166 
159 
153 
146 
140 
134 
127 
121 
114 
108 
102 
95 
89 
82 
76 
70 
63 
57 
51) 
4'J 
3c 
31 
2~ 
19 
12 
6 
-1 
-7 
-14 
-20 
-2~ 
-33 
-39 
-46 
-52 
-se 
266 
259 
252 
245 
23E 
232 
225 
218 
211 
2•)4 
198 
191 
184 
177 
17(> 
164 
157 
150 
143 
136 
130 
123 
116 
109 
l.OP 
96 
89 
82 
75 
68 
62 
5!:; 
'<E' 
41 
.., .... 
28 
21 
14 
7 
(I 
-6 
-13 
·20 
-c·J 
-24 
-4•) 
-'J7 
-~4 
-61 
-61? 
275 
268 
261 
254 
246 
239 
232 
225 
218 
21<> 
203 
196 
189 
182 
174 
167 
160 
153 
146 
138 
131 
124 
117 
11(1 
102 
95 
81?-
81 
74 
66 
59 
52 
45 
38 
30 
i?3 
16 
q 
e 
-b 
-13 
-20 
-27 
-:.;4 
-42 
-49 
-56 
-63 
-70 
-78 
284 292 299 306 311 316 320 323 326 
276 28.. 291. 297 302 306 310 313 315 
269 276 292 288 1:!93 297 300 3(12 304 
261 268 274 279 284 287 1?9(1 292 293 
254 26<' 266 270 27'< 278 28(1 281? 282 
246 252 257 262 265 266 270 271 272 
238 244 24<;' 252 256 258 260 261 261 
231 236 24(1 244 247 24<i 25(1 250 2S(t 
223 228 232 235 238 239 24(1 24(1 239 
216 220 224 226 228 230 230 23(1 228 
209 2!2 215 218 219 22(1 220 219 218 
20(1 20'< 207 209 21(> 21 (I 21(1 209 207 
193 196 198 200 201 201 2•)(! 198 1'16 
185 188 19(1 1'?1 192 191 191) 188 185 
178 18o tae :e2 1e2 182 too t78 t74 
170 172 173 17'< 173 172 170 16~ 164 
162 16~ 165 165 164 162 160 157 153 
155 1~·6 S56 l56 15~ 15~ !Sft 146 142 
147' 148 148 147 146 143 140 136 131 
140 140 14(1 138 136 134 130 126 12<· 
132 132 131 130 127 124 120 115 110 
124 IE4 12! 121 liE 114 110 105 99 
117 116 114 112 109 !OS 10<:• q.:, BE! 
10'? 1(•8 106 103 H•G 95 90 8'+ 77 
1~ 100 ~ ~ % ~ ~ ~ ~ 
94 92 8'1 96 91 76 7(> 63 56 
86 84 81 77 7<: 66 6(1 s:. 45 
79 76 72 68 63 5~ 50 42 34 
71 68 b4 5" ~·" 47 4(• 32 23 
64 60 56 50 4~ 82 :c 22 12 
56 52 47 42 35 28 C(t 11 E 
48 44 !9 33 26 10 10 ! -9 
4 1 36 ::w 24 1 7 9 (I -I (1 -2(• 
33 29 2i:' 1::; l • -1 -1<' -E·O -31 
2.:. 20 14 b -e -1<) -2<• -3(1 -42 
te 12 5 -e -11 ·-2~:, -.?.(• -4t -52 
1•) 4 -3 -11 -20 -30 -4(1 -51 -63 
3 -4 -1C: -20 -2G· -39 -5t) -62 -74 
-::; -12 -2(1 -·2<;' -·38 -49 -6(> -72 -85 
-12 -eo -2a -aa -46 -5e -70 -ee -96 
-20 -2e -3~ -46 -57 -68 -eo -93 -lob 
-2e -36 -t,~ -5:: -61: -7e -9<> -103 -117 
-35 -44 -54 -64 -7:0: -87 -l(IO -114 -128 
-43 -se -62 -73 -·a~ -97 -110 -124 -1 ~,,.. 
-:C(l -60 -7(1 -82 -9<; -106 - 12(• -134 - 15(> 
-58 -6e -79 -90 -103 -116 -ISO -14:!· -l6C 
-66 -76 -87 -99 ->12 -126 -140 -15'5 -171 
-73 -84 -9t.o -lOB -12: -135 -15(> -166 -182 
-E'1 -92 -1(14 -117 -13;.• -145 -16(1 -176 -193 
-ee -too -112 -126 -140 -·1!·4 -t7o -186 -2o4 
+J 
c.: 
(j) 
c.: 
0 p. 
p. 
0 
1-l 
;:l 
0 
:>-. 
:>-. 
,.0 
"0 
(j) 
t) 
;:l 
"0 
0 
1-l p. 
:>-. 
+J 
•.-I 
+J 
a 
;:l 
C' 
c 
" 
"' ~· 
1: 
!.' 
9 
11 
12 
13 
14 
15 
16 
17 
lE 
19 
2•: 
21 
22 
~3 
2~ 
25 
2<: 
2"": 
20' 
2C.· 
3•: 
31 
3E 
3:; 
3~ 
3~· 
36 
2-;-
38 
3~ 
4(1 
41 
... c. 
43 
.... 
i.o~ 
4e 
~E 
4c;• 
:< 
Profit table for seller B 
Quantity produced by you 
28 29 30 31 32 33 34 35 36 37 39 39 40 41 '•2 43 44 45 '>6 '>7 '+8 4Sl 50 
327 328 328 327 326 323 320 31o 311 30o 299 292 284 275 266 c55 2<>4 232 219 2•)6 t<~t \76 160 
316 316 316 315 313 310 306 302 297 291 284 276 268 259 '24<1 238 226 214 2(;1 187 172 1~6 140 
305 305 304 302 300 297 293 288 282 276 269 261 252 242 .~32 22! 2<)9 \96 !82 lb8 153 137 120 
294 293 292 29C• 287 284 279 274 268 261 254 245 236 226 215 2•:A 191 t 7B 1 c-'+ 1 ·~9 134 1 17 100 
282 282 28c• 278 274 270 266 2t.o 254 246 238 23o 220 210 l"'B 186 17'> :6o 146 tJO 114 98 8<:> 
271 27o 26E: 265 262 257 252 246 23"~ 232 223 214 2C>4 193 :a2 t69 156 142 127 112 95 78 .-,o 
26(1 258 25t> 253 249 244 238 232 225 217 208 198 188 177 !65 !52 138 12'+ 1-:•9 •73 76 58 40 
249 247 244 240 236 231 225 218 210 202 193 183 172 160 ;uS 135 121 1C6 "'•) 7'> 57 39 20 
238 235 232 228 223 218 211 204 196 187 178 167 156 144 l31 118 103 98 72 55 38 19 0 
226 224 220 216 2!0 204 198 190 182 172 162 152 14(1 128 114 100 86 70 54 36 18 0 -2•:> 
215 212 208 203 196 191 184 176 167 158 147 136 124 111 98 83 68 52 35 lB -l -20 -40 
204 2(10 196 191 165 178 17(1 162 153 143 132 120 108 95 81 .06 50 3'+ 17 -1 -20 -40 -6•) 
193 t89 tB4 t7E: 172 16.5 157 148 138 128 117 1o5 92 76 64 '•9 33 16 -2 -2;) -39 -59 -eo 
182 177 172 lfo6 159 152 143 134 124 113 !Ol:: 89 76 62 I 47 32 15 -2 -2') -39 -58 -79 -1('0 
170 166 16(1 !54 146 138 13(• 120 110 98 86 74 6(1 46 3(1 14 -2 -2•) -38 -58 -78 -98 -120 
15'? 154 148 141 134 1<'5 116 106 95 84 71 58 44 29 !'t -3 -20 -38 -57 -7.<, -·-n -118 -t40 
148 142 136 129 121 112 102 92 81 69 5b 42 28 13 -3 -2•) -38 -56 -75 -95 -116 -138 -160 
137 131 124 116 108 9<;· 89 78 66 54 41 27 12 -4 -20 -37 -55 -74 ·-94 -11'> -135 -157 -180 
126 119 112 104 95 86 75 64 52 39 26 11 _, -2(1 -37 -54 -73 -92 -112 -133 -154 -177 -2(•0 
114 108 1(>;) 92 82 72 62 50 38 24 10 -4 -2(> -36 -5'+ -72 -90 -110 -130 -152 -174 -196 -220 
102 96 88 79 70 59 48 36 23 10 -5 -20 -36 -53 -i"('o -89 -108 -128 -!49 -170 -193 -216 -240 
92 84 76 67 57 46 34 22 9 -5 -20 -36 -52 -t.~· ··87 -1'.:16 -12.:, -146 -167 -189 -212 -236 -·260 
21 73 6:... ::., 44 32 21 8 -6 -eo -35 -51 -62 -86 1'Yt -123 -t43 -164 -t36 -2')8 ·231 -255 -28o 
7(· t-l 52 42 31 co 7 -6 -20 -35 -so -67 -e4 -1or: 121 --140 -t61 -1a2 -20'+ -227 --2so -275 -3oo 
58 5(1 4(• 3r, 18 6 -6 -20 -34 -50 -66 -82 -·!OC -119 128-158 -178 -200-222-246-270 -294 -320 
47 3f. 28 17 6 -7 -2(: -34 -49 -6<; -81 -98 -llt- -13=: !54 -1?5 -196 -218 -241 -264 -289 -314 -340 
36 26 16 5 -7 -2(• -3'• -48 -63 -79 -96 -114 -132 -151 !-171 -192 -214 -236 -259 -283 -308 -334 -360 
2C: 1:"· 4 -8 -2·~· -33 -47 -62 -78 -94 -111 -129 -148 -165 H8B -209 -231 -254 -278 -302 -327 -353 -380 
1" 3 -8 -eu - 3? -46 -61 -76 -92 -109 -126 -145 -16~ -1s... :..2•:•s -226 -249 -272 -296 -321 -346 -373 -400 
~ -2 -2<:< -<'32 -4/c -60 -74 -90 -106 -12" -142 -16C• -18•) ··2(•0 !-222 -244 -266 -290 -314 -340 -366 -392 -420 
-·<;' -2C· -2f· ·-45 -5<3 -73 -88 -104 -121 -138 -157 -1'"6 -1S6 -217 !-238 -261 -284 -308 -333 -358 -385 -412 -440 
-2C -32 -44 -5" -7; -BC: -102 -116 -135 -153 -172 -19E: -2tc· -237! t255 -278 ·-302 -326 -351 -377 -404 -432 -460 
-31 ·-43 -5~ -7(; -E·t; -·<><; -115 -132 -150 -168 -187 -207 -228 -2~·<> , 272 ·-295 -319 -344 -370 -396 -423 -451 -480 
-4f -5::'· -tE' -BE -97 -·112 -129 -146 -164 -183 -2(>2 -223 -2<t<. -266 ~-289 -312 -337 -362 -388 -415 -442 -471 -500 
-5<; -66 -s·. -94 -110 --126 -142 -160 -178 -198 --218 -228 -260 -2c2 1306 -330 -354 -38<) -406 -434 -462 -490 -52o 
-t5 -78 -9<o -:o· .. -122 -13"' -156 -174 -193 -212 -·233 -25'+ -276 -29S [322 -347 -372 -398 -425 -452 -'+81 -510 -540 
-~·6 -9C• -;c:" -11-; -135 -152 -17(' -tss -?07 -227 -248 -27•:·. ·-<:·9;:·. --31:0 
1 
339 -364 -390 -416 -443 -471 -5oo -530 -560 
- s 7 -1 c• 1 - 1 16 -13;: -148 -16"· -183 -202 -222 -242 -263 -2a:: -::<:)e - 3:4<: r356 -381 ··407 -434 -462 -490 -519 -549 -58o 
-S'E -113-125 -!44 --161 ··176 -197 ··216 -236-257 -278 -3(11 -32Y -348 f-373 -398-425 -452-480-509 -538-569 -600 
-110 -12'> -1<.':- -15;;. -174 -t9<o --210 -230 -250 -272 -294 -316 -:='"'' -36•+ f-3''?<:• -416 -442 -470 -498 -528 -558 -588 -620 
-121 -13~. -15=: -16C -·186 -2(15 -224 -244 -265 -286 -30CJ -33E' -3!:•t --38i rl!.r)6 -433 -460 -488 -517 -546 -577 -608 -640 
-132 -148 -16~ ··181 -199 -218 -238 -25E< -279 -3(>) -324 -348 -372 -3c,.., >·423 -450 -478 ·-506 -535 -565 -596 -628 -660 
-143 -159 -l7<· -19•• -·212 -231 -251 -272 -294 -:::16 -339 -3e:.3 -3E·s -41'< f-440 -467 -495 -524 -554 -584 -615 -647 -680 
-154 -171 -lEE: -20t: -225 -244 -265 -286 -308 -331 -354 -37C:· -4(i4t -43(; ~457 -484 -513 -542 -572 -003 -634 -667 -700 
-166 -18[' -2(<< -211? -238 -258 -278 -300 -322 -346 -370 -39<, -42·:· -44<'. f-••74 -502 -530 -560 -59(1 -622 -654 -686 -720 
-177 -194 -21~ -0.:3; -25'• -E71 -292 -314 -337 -36C -385 -·41·) -<;~:;_. -4b3 [4'~0 -519 -548 -578 -609 -640 -673 -706 -740 
-188 -206 -2:?~ -243 ~-2&:?. -284 -306 -32B -351 -37"::: -4(10 -426 --452 -47r, S07 -536 -566 -590 -627 -659 -692 -726 -760 
-!9'1 -217 -2:=.~. ·-2!:-o -27b -2'77 -319 -342 -366 -390 -41~. -44: -'+68 -496 524 -553 -:583 -614 -646 -678 -711 -745 -780 
-21(· -22'i' -24£. -268 -28" -310 -333 -·356 -380 -405 -430 -457 -48-.; ··512 5'+1 -570 -601 -632 -664 -697 -730 -76:5 -81)(1 
-2ii:E -2<+<:> -26" -29•• -30£ -324 -346 -370 -394 -420 -446 -472 -!",<:•<:• -52f< ·-558 -588 -618 -650 -682 -716 -·750 -784 -820 
~ 
r:: 
Q) 
r:: 
0 p.. 
p.. 
0 
1-1 
::I 
0 
:>-. 
:>-. 
..0 
"0 
Q) 
tJ 
::I 
"0 
0 
1-1 p.. 
:>-. 
·~ 
..... 
~ 
r:: 
t1l 
::I 
ct 
2 
3 
:; 
(:. 
7 
8 
9 
1( 
l j 
lL' 
1:::. 
l't 
15 
1t> 
17 
1f 
19 
2;." 
E': 
E:c· 
E·3 
{-~ 
2o· 
C':::: 
c-· 
2,7 
2S· 
3:: 
3:! 
3[ 
.:;..;: 
3~ 
3:· 
Z-6 
s-, 
.;j~ 
3S' 
4(' 
-+: 
'-4C. 
'-!2. 
u4 
Y~-
'+t. 
W./ 
'iE· 
~.c;. 
~-( 
Profit table for seller B 
Quantity produced by you 
4 
3 
3 
2 
2 
2 
1 
0 
(_, 
(I 
-1 
-·1 
-2 
-2 
·-2 
-3 
--3 
-... 
-'-, 
f:'-4 
46 
67 
88 
108 
127 
1£.-t 
163 
18·:• 
lt;"-6 
211 
226 
2::.{s 
,...,~,_~, 
r.:.: ... ;c:. 
['.~ t. A 
27~5 
28t· 
2Ci'5 
3t)-4 
312 
E' 
2i· 
25 
2'-4 
f:'3 
EE' 
2 "0 ,_ 
E1 
2<) 
19 
18 
18 
17 
lt 
15 
14 
14 
12 
12 
11 
F> 
~-1 I l (! 
-5 c'2·c 1 "' 
:: 2::~ 1 I E· 
-c.. ::.·~_<{ 
-&:. :.Ju,·) 
-t- 2~ :.:I 6 
~~~;-I ~ 
-f ::14:":'·, I 3 
=~; ·;~::~I i. 
-9 3~-~c 
-9 
-10 
., 1': 
-l (< 
- j .j, 
-11 
-12 
-J c· 
-12 
-13 
-13 
-lL. 
-1 ~-~ 
-1'-1 
-1~· 
-15 
3<-t:::: 
:.~·-+( 
3:?\b 
33} 
22L 
=d'" 
::L ~ 
E'{" __ ,,.:l 
E:'f":(:_ 
2--;or::-, 
E'~ ~ 
E:'~:;::: 
E'::.<~-:--
22.;_. 
E':! ~ 
(· 
-1 
-··E. 
···(.: 
-2 
-L 
-~· 
--t 
-6 
-7 
-8 
-9 
- J(• 
-1(1 
--1:. 
--::.2 
-le l7~~-1~ 
-It 18 -1~ 
8 
23147 4~ 46 
66 45 
Bb 44 
l•)t·l 42 
41 • ':::)C, 
""-14:01 4(: 16(' ::~9 
176 3e 
192 36 
2(!'71 3:::. 
2~ ... ,3. C:::..t ....... 
2::i4t 3::·· 
E't.t·f· 3.? 
2::jat 3~) 
26"' 129 2/(t 2[ 
2 , .. , .... ~--: 00 c' 
29t·. E·b 
:t•:l'"·c J =~·.::, 
311 IE::: 
3171 E:E 
;~~I ~:i~, 
33•:-1 1E 
3~<-' 1 1-.. 
2·:·•:: .. I 1 c 
:-::~'-=·I :t5 
:::~3:: I 1 ,., 
::J3c I-'-
33'.:• I 11 
:.:::.::::::::I ! c~ 
32~<· s· 
32..:) E 
3.:::.:.::· i: 
3j '7 : 
3:· ~ L 
3·::'"' I :;:: 
2''~·1 "'' 
E8i'• 
c.·~'·· 1- 1 
2t.:,~' l -2 
2sc.~: 1--3 
2Lt-:~ r -t.. 
E.'::;Lj 1-t:. 
2F.:l j -/ 
2C~~-E 
]921-0 
~~. 'l 
l~)-12 
4 
23 68 
4'+ 6~-
65 6~J 
eo: 6~, 
104 6E· 
122 :.•:· 
14(1 52 
157 57 
173 55 
188 5:i 
202 SE 
216 5() 
22':;t t,9 
C::41 47 
252 46 
Et:.:::. 44 
E':"'2 4E: 
281 li j 
22"7 3S 
296 2£• 
3<:''' 1 :::-o 
~,.:>~ I :o,., 
313 12: 
3.1 ·;I 3:! 
3E(J I ~J 
.. ::.t::."L 12C 
~E't--l 2t. 
~,·,.~ I .. ~ 
_;:,; __ ...; '- -· 
3;;::; C2 
3E.4 12E· 
~~~:~ I~·~~ 
._; I ,1-" 3 -:=: l ~i 
3 2 l4 
~:;~ u~ 
28'? 
i'.E.: 
27C. 
E.'!..,2 
E~~, 
7 
L 
., 
... " I -i::'<+ ~. .t 
22'i -1 
21L. -~· 
2•X' 1-4 
:1.88:-t !'7~ i -~ 
1 c: ... , i-s 
14>-lc 
::, 
221 8(' 
'+2 86 
6<t 84 
EL~ 82 
.l()C. E:G 
l2{) 78 
137 76 
l~:<t 74 
169 72 
1E'1-t 7\) 
l9E< 11:-E 
21' ""' 221:,. l;-,1.-t 
. c;:3:; oc 
(:~46 6(t 
2::•6 ~E~ 
2,~,5 5! 
2"}"-j 5L.r 
281 1 !:<::· 
2E:f~ I ~·C. 
""""'I ~8 E'9r; 46 
31-''1 LJ4 
.3··:;-; I ~2 
31( .. 4C• 
~~ 1 r:~ ,':lt. 
:::·-1:::-' 3i: 
~.: .... 
1
3<i 
31?3 ::tE· 
31E· I ::u 
.. ~ ... I~-, 
.::>!\. cc 
3()~7 2i. 
3UU .C'i1 
pqq 2C 
29""i 2·-~; 
.2d~:·· 1 f::; 
2:::-,1 lt: 
2'?...:. j L; 
2c·:: I J 2 
~~~·:.'.1 J ~; 
2~·.:·. 
;:::;.~I .; 
2:::! 2 
:i 98 (1 
l8t-1 ~-E 
16''"".~ .. ~ 
; ;~ l ~~· 
j c--:·.- l (· 
6 
22 107 
4C: 1 >Jt; 
6E.~ 102 
E-lF' 100 
:1 (l·) 9E: 
118 95 
134 93 
1~.!0 90 
166 88 
18'.1 8& 
19~ B~· 
E06 81 
2JB 72 
23<.- 7f 
24;~\ 7.:+ 
25":·· 71 25C 6<1' 
26i 66 
E'74 6~~ 
2f>:lf f:.f:_l 
5'='•' 
57 
2'"'""15" ;_::.·~;E 52 
=~)i) :I 5(:.~ 
3oc:·1 «7 
?.·(lf' 45 
3UC::I .:,.:::; 
3c,c·l 4o 
::!C':) 38 
29f, I 3~:_, 
E-:7"'"-1 I 3~ 
2q(!l 3(1 
2Ft>l 28 
2t:..: I 2c 
r:)·-.:-.q 1 22 
~"'""'' 21 
t--::=·21 16 
2:::-_; 16 
2~( 14· 
2:::' 11 
E..J.t· 9 
2<::t 6 
] 9~, Lj 
18(, E· 
1 t:·t -1 
1':o~:• -3 
13"+' -6 
11E 1-s 
!(-
7 
22 126 
4E: 123 
61 12(J 
ec 1J.7 
98 114 
11 :; 112 
132 109 
147 106 
i6E) 
176 
189 
20C' 
212 
224t 
23<'+ 
2't2! 
252 
103 
100 
9Ec 
c;:5 
92 
89 
86 
8·'• 
81 
21 
41 
6(• 
72 
e 
14:3 
140 
137 
13 ... 
q::, I l3t) 
21 
'+~) 
59 
77 
Cf4 
31.2,12.7-110 129 12'+ 12f 
1£;4 121 141 
158 118 !55 
172111£, 
18:1 
197 
2~);::l 
2iE 
228 
C!37 
2L+5 
1 1 ~ 
108 
10~, 
102 
98 
~·5" 
168 
1 £1(1 
192 
203 
213 
222 
230 
23El 
25::} 78 252 
9(: 
89 
Ei6 
82 
245 
251 
256 
2t·O 
264 
2t.-:' 
2.c9 
266 7~ 
72 r-::·-c· 
?:.'771 70 
2GP 
EH~: 
E.'PS 
67 
64 
6:1 
2".'' 58 
2"-•1 56 
2'21 !:.3 
er:-·1. e ..u 
2901 '-l'? 
28El 44 
2851 42 
2f:E' 
2'771 36 
[:;:'""?£":' 33 
2C:61 ?.i(l 
2~5C:..i 2£, 
E'5E' c::=, 
E'Y31 EE. 
23'-1 19 
224 lC. 
2:3 14 
?(12 11 
l.t'''' 8 
1 "f.:, I 5 
162' E; 1 -; ... 
1 ~l2 -~~ 
115 t -6 
s·a ~ -C? 
E'O -tE· 
25f:! 
Eb-~~ 
Eb ~.., 
27:: 
2/C· 
2~:;:· 
(?[ ') 
2£1 
2E;1 
22~> 
2'78 
c~·: c. 
2'/3 
2t:'7; 
Et~ 
79 
7c. 
7::: 
/:) 
66 
6':.' 
6·::· 
sr·? 
5~ 
'5(1 
<.: 
'-'+ 
4l 
3[: 
25Z: I 34: 
E:4~·. 
23¥ 
2;;··:::: 
3~ 
E'8 
.-·,e-
"-C' 1[' I :;;_;::: 
E'(!G 
i c;7 
lt:i~ 
172 
1:S8 
1 ,:+:-t 
lE. 
15 
1::: 
9 
6 
12''"1- l 1. :;1 -L! 
r;-:_.. --7 
7f~ ·-1 (' 
6') -lLr 
27t'J 
27(1 
2/l) 
26S' 
267 
264 
26=:· 
2~~-~ 
240:> 
23;c: 
23·~' 
222 
E~3 
2(•3 
1fJ2 
181: 
168 
15S 
14o 
:..£:6 
! 1 •) 
9'+ 
:,·:. 
'+'I 
The first column represents your profits. 
'! 10 11 12 13 ,ltt _15 '1 
16(, 
156 
153 
149 
1.4:', 
142 
188 
1:35 
131 
!28 
12'-+ 
120 
117 
2(,,176 
39 172 
58 16£: 
7:':.1 16£, 
S"21 16(· 
e.:• 1<t1 2<:• 2ot.. 19 e1" t<;· eae ~8 244 18 ess '·;a 
38 tEo 38 201 :?7 214 36 2E6 35 eas 3~ 249 3 4 
5t.t 1s2 55 1 .... ,D 5'+ e~)o 52 221 52 232 5(J 242 49 
7t..:, 178 72 191 70 2('4 6S E'15 67 2C6 66 236 64 
<;'('· 17'< flB 180:, 86 198 84 210 82 22C• 8.1:> 230, 78 
1(!81 1~6 1(16 169 l03 !BE.' 101 1~~ 98 20it 96 214 94. 223 91 
123 1SE· 
138 14E< 
151 14'< 
164 140 
17c 13c 
12C< H·:O:• 118 1 '77 1l :;, 18:;; 112 198 )(>'?' 2C•8 1 O!o ' 217 104 
134· lbt· 131 l?C:· 128 18::1 12!:, 193 122 202 118 210 11.5 
148 15t 1 4.1; 16~· 140 178 137 187 133 196 !3C< 20:>4 l 26 
160 152 156 l612 152 17Z'· 148 1.82 144 190 14C' 198 136 
172 147 167 t5: 163 16"7 158 176 1~·"• 184 15":' 191 145 
187 13i: lB2 143 178 153 173 16':' 168 170 163 178 158 18!"· 154 
19£' lEE: 1'fc' BB :187 l~8 182 !57 177 165 172 172 166 178 161 
113 207 12~ E'('2 l84 1.96 14?: 190 152 18:.. 159 179 166 17..., l7F: 168 
1 t) 
06 
Of; 
99 
216 120 21(1 l3i:• i:'-!04 138 198 14C.· 192 154 186 16(1 181) 166 174 
22LJ 116 218 125 211 134 205 l 4 ~ 198 148 1 9E: 1 ~·4 1 t:6 159 179 
231 112 221.1 tE·:t 21s t2'=- 211 13t:. 2o4 142 197 148 t9(i 153 184 
238 108 C3t:' 116 223 124 21 t:' j ~~ 1 209 137 2(\2 142 1 94 1 46 187 
'95 2L~3 l(H 236112 228 11<7 22C J26 213 131 2U~t 136 198 14(l 190 
9E' 248 1 ("> 240 :i ( 1[' 232 114 224 l ;_.:;(, 216 l 26 2(;8 l 3t) E'')(• 13.:1 192 
s:-. 2::1r: 9o 244 10::: 23~~ ~ 1<:- 22~·, 11~~ 212 12c: 210. 12.'+ 2•:J2 127 193 
844 2~j:: '/£ 2~ft.:. 9c;t · C::::-,c;:, t·):;i E"29 l l ;:, 22(.. 114 21 1 j 18 2•)~· 121 19"1 
81 2!5f:: 98 E'·';S c;·t.; E39 1~)·) 23i) 1·--~~ 221 1(1'? 212 11C' 2UC 114 j93 
77 259 8(; C.:5(· S'(i 24:> 9:. 2:710 1 ()r) E"~21 l (•3 2 J 1 1 (11::.. 2•>2 1 Of? 192 
74 2-t:Ci E~,.) 2~·t· sc f?L•(' c;c, 2::.u-, '?-;. 22n 98 21u 1 oc~ r.''.-~c. 1 oc 19<) 
/(1 21:·0 /C: i?50 81 f.'3t~. 8.::. 2C~c:· es 218 9E' 2(:8 94 1SE 95 18? 
f.:·t> 25f} ,..,E.. 2~•f.· 77 i:?~-~8 81 22'."."' E:4 £116 86 pr)::., 88 196 89 184< 
63 2':5E; t:-8 C·::,.c_. 72 235 7t: 22'+ ?S' E:'13 81 20.::~ SE 19(~ 82 :!79 
~9 2s::: 6L 2.:.,q L-8 232 --;·1 22fl ?4 .eoc;· ~~. 1'=''7 7t. lBt: "7f::.. 174 
5t. 252 6C1 E''-1·~~ 64 E:~28 66 216 t::-8 ec~~.. /(1 1c;·2 70 18~.: 7C 1.68 
~52 E14fJ ~d:- i:"?3c. 5S 223 62. 211 t-3 19El t;.4 lE.:t:. t.it 1 7 4 63 161 
4E~ 24~:~ 52 23() :.':, 2ts s·,- e~f: :,B 192 5e 1'7'=; 58 166 57 154 
4~· 23t· 4f-: 2C.'-'t 5J t) J 1 5£1 19E 5:;~ 185 5Z; l ·,~2 5E"" !~8 5C'• 14::. 
41 
8'.:· 
34 
.;231 4'1 2H.~ 4t. 20.:.f f.t.': l9(1 45 17'7 4-, :1.62 46 l:':•C. 44 136 
2E-4 4( 2:! 1> 4£: 196 4E. 182 4E 168 42 15.:., 4(: l 0 3E 12f· 
2j6 :;6 2Y:: ::n 18'7 3P 173 2P"J 1=)8 3c l4L; 34 1 t:1 31 115 
30 2(•7 32 :! 9E 33 178 33 163 2E 14FJ 3(• 1 :.:~ 28 1 B 2:- lOt.. 
27 198 28 :i f::2 E'8 1 t;./ 28 152 2"7 1 :;:!'"? 2~ 12C: 22 l ~~ 1 e 91 
£3 
£'(> 
16 
12 
9 
5 
2 
-2 
_, 
1 
.. -C 
12 
lt· 
1£,7 2~ 
17b 2(• 
16-+ 16 
:; 51 lE' 
13::· 8 
122 ~ 
1 (:[; (.> 
92 -6. 
75 -B 
~B -iE' 
39 -1 
2·~ - L. 
:1./E: l 24 
16,:· l 2-:> 
1'-1·8 l=· 
i3'< 11 
j 2·~· f.:. 
:tOt:. 2 
9(1 -i. 
~,; ~!; 
Jt: -lc:.· 
2·:· r--Cr"· 
(> L 2•-l 
1~-t.-
144 
131 
J 18 
1 (1::.~ 
88 
L.:O 
18 
1"l 
<;· 
4 
-1 
-6 
55,-10 
38 -1~· 
1r··-2~r 
~- 2=· 
-:!( 
14l1 2E 
122 16 
11;,, 11 
1(·) 6 
t:)f.: 1 
7(< -~ 
:;;.:; --1 (_. 
37 - 1~ 
12; ~~~~ 
-f'(l 
- 3(1 
-Lj;:l 
J.2~' 1 S' 
112 14 
9:":\ 8 
gt., 2 
t._.:;• -3 
::;:::: -9 
:Jt, -14 
18 1-'20 
(>,-26 
-lS. -31 
:3•? -:?/ 
-6(• -42 
1 OS' 16 
96 10 
fJ2 4 
e:.·-7 -2 
~:.;::: -6 
3~ -14 
1 E -2(' 
-Et 
1 "'1':1:;· ~3~ :::39 
-:;-:t -40:, 
.--8• -5(1 
'7''-1 
8•.' 
t--·6 
5•.) 
34 
18 
\.) 
-18 
-32 
- 5El 
-?EJ 
-· :l (''' 
12 
6 
-1 
-14 
-2(; 
-2L 
-33 
-39 
-'+6 
-52 
-58 
78 
64 
49 
34 
17 
(1 
-1E• 
--3'";"· 
-5::-
·-77 
-98 
-12(, 
The second column represents the profits of your opponent. 
+J 
s:: 
Q) 
s:: 
0 
p. 
p. 
0 
1-1 
;j 
0 
:>.. 
:>.. 
..0 
"'0 
Q) 
(.) 
;j 
"'0 
0 
1-1 p. 
:>.. 
+J 
•.-I 
+J § 
;j 
0" 
I 
~ 
i! 
4 
:5 
6 
7 
8 
., 
10 
11 
12 
13 
14 
1:5 
16 
17 
18 
19 ll 
20 
21 
22 
23 
24 
25 
26 
27 
28 
2'l 
_30 
31 
32 
33 
34 
3:5 
36 
37 
38 
39 
40 
41 
42 
43 
44 
ctS 
46 
47 
48 
4'1 
50 
J7 
266 
2S'1 
£'52 
2""5 
238 
232 
225 
218 
211 
2t)4 
Jt;-<c 
1'11 
184 
177 
17(> 
164 
157 
15(: 
143 
136 
13) 
123 
116 
109 
t(;r· 
9!.. 
8'? 
82 
'":'5 
bS 
bE 
~t 
.... ~ 4. 
41 
"''"' EP 
21 
14 
(• 
-e-
1"' I 33 
481 
6"' I 
7{., I 
e<; I 
l(oJI 112 
1 C:~f' 
i~E 
l41 
149 
1:"6 
162 
!b2 
173 
l""~ 
180 
182 
18'+ 
185 
18~ 
18'+ 
1ElE 
18·> 
}"';''"" 
! ~;: . .~ 
168 
1 "'' 15~~ 
}c..;•" 
l"f:l 
I:;;;_ 
1C:E 
lj,7_ 
h·; 
f;• 
!'c 
bE' 
18 
27~ 
268 
261 
254 
246 
239 
232 
225 
218 
EIC'· 
c·~)8 
1~'6 
18c 
!BE 
17t.. 
1<,7 
16(1 
1~.::_ 
146 
12S 
1?.1 
1C'4 
'17 
ll (• 
10~ 
c:::-
E<F 
f·! 
-:-4 
lot 
~s 
4S 
3E 
3: 
f? 
1 f. 
c; 
[ 
Lf~.' I -6 
•··=· I -12 
-1S 1"7 I -C<· 
17 I 
3~ ' 4~ I ~~ I 
Ec: I 
9_·"_· I 1(•9 
]1 C> 
128 
136 
1'+4 
15:: 
157 
162 
166 
1/(• 
173 
175 
176 
j it-
176 
l75 
]7:=: 
1 .. /(' 
!66 
102 
1~'7 
:; 5~ 
J4"-1 
131 
lE~E 
ll" 
109 
98 
8t 
7'-+ 
6~ 
'L 
32 
1< 
- c·;:. -2~; -17 
-C7 -·lS -3~ --:.:-: 
-:?4 ·· :;.L. -'+f' -·: .. .:.. 
-4(' -~: -~9 -'"i, 
-47 -7~! -~t -Q4 
-~-.4 -9£. -6: -11~ 
-61 . llt' 
-"7(1 -1:CC 
-;,E 1-.,r: ; -7"6 -lb' 
1" 
284 
276 
269 
26: 
254 
246 
232 
231 
223 
216 
e)F 
2;·,:· 
1~.'? 
!('~ 
I7t-
170 
162 
155 
~4/ 
l-=t(• 
122 
12o.., 
117 
lO~ 
l·)f:. 
9-. 
Ec:-
~-·c; 
"7~ 
c .. .:; 
!:.t 
4C 
41 
2t:.· 
IE·. 
1•: 
-1C: 
-2'> 
-H 
-::: 
-Lo~ 
-~.:. 
--5f 
-66 
-72 
-E 1 
-81' 
lC· 
31 
46 
5c; 
?2 
84 
95 
iCC 
11 ~· 
~ 2£~ 
132 
13<-
146 
151 
15l· 
16•J 
163 
166 
167 
168 
168 
167 
166 
J6~ 
16(! 
1 ~~c:-
151 
:i4t 
:3'-? 
13E 
12~ 
11 ~. 
lUl. 
9:': 
84 
J::: 
5'-; 
4c-
2l 
16 
··17 
--3~ 
-5~· 
...,C' 
-92 
-113 
- 134 
- 2 ':,'7 
. 18( 
2(> 
1?'12 
.284 
276 
268 
26(• 
252 
244 
236 
22~ 
2C.(t 
2:d? 
c.:o~~ 
19<· 
188 
18•:· 
l7C: 
!CA 
156 
148 
14(• 
132 
lE4 
1 ti:. 
1 (~8 
l (J;~, 
92 
84 
7~-
68 
6(1 
52 
44 
3b 
28 
c.::· 
12 
4 
-.:. 
-IE 
-2'' 
-2£ 
-3::. 
-"+4 
-5E: 
-6(· 
-bE 
-'7<: 
-8~ 
-92 
-JOC 
1ol 30 
4't 
7(! 
82 
92 
102 
!12 
120 
!28 
1:;4 
l.tt(! 
140. 
150 
~54· 
156 
158 
16<) 
lbO 
16(• 
158 
15t:r 
l~--t 
15(! 
1 ftt. 
14(• 
:;.34 
128 
:1.2(• 
l:iE 
lOE' 
9C· 
8:0 
7(• 
5f; 
-et 
1:!99 
29!; 
esc:· 
274 
2b6: 
257· 
24'? 
240 
E32 
E24 
215 
207 
198 
190 
182 
173 
165 
j56 
148 
14(> 
131 
1"'"-
l14 
106 
98 
89 
81 
72 
64 
5t· 
47 
3'1 
"'(' 
22 
14 
~ 
Quantity produced by you 
1.6 
30 
43 
56 
68 
79 
9(1 
99 
108 
116 
123 
13,) 
135 
140 
144 
147 
150 
151 
152 
152 
1~1 
150 
147 
1'+4 
140 
13:"· 
13(• 
122 
116 
108 
99 
9l) 
""1t:;' 
t:.8 
5b 
4"' 
11!2 
306 
2'17 
.EBB 
279 
C70 
262 
252 
244 
235 
£26 
C:1B 
209 
20(• 
191 
1BC" 
174 
165 
1~6 
147 
138 
120 
121 
112 
103 
C?"'t-
St 
7"'i 
e-<: 
-:;c; 
~(I 
42 
32 
24 
1~ 
6 
-<' 
1~·, 
29 
23 
! 311 
I 3<•1? 
i 293 
1
28'< 
66 27<t 
42 
5Lt 
77 265 
87 25i: 
96 247 
104 239 
112 e2e: 
11"' 219 
12~· <H· 
130 f.•(,! 
13" 19.:· 
l3f! 18<· 
!41 173 
143 164 
144 15~ 
144 1 .. 6 
144 13'-· 
!43 127 
141 ; 1E 
13E 1(•9 
13'+ H<' 
l3(l 90:• 
1 E::C E::t 
11 s; "':'t. 
llE. 62 
104 ~·-=+ 
f?i.- 4L, 
E~;- 3': 
7'"': 
6t 
s...., 
42 
cs: 
2<: 
l"'7 
E' 
-2 
-11 
11!4 
:::. 1316 
22 13(16 
4; 297 ~.c lee? 
6~ I e7s 
7'< : 268 
8'< 12::-.E> 
93 ~ 24~ 
J{>l ! 239 1(18! 2~::) 
: ~~· I :.;;: 
12:s 1 2·:>1 
12" ! 1 ... 1 
12·2 I 18C· 
13£t } 17£ 
121, 1162 
137 1'53 
12": 
126 
j.";'-. 
l3f' 
12(:< 
12~ 
E• I 
1 H. ~ 
J(lF I 1 (t! 
~·~; 
8« 
14:? 
134 
124 
Jl<, 
l(l~ 
9~ 
86 
76 
6f.· 
!j'"":' 
47 
82 
28 
6'· I 18 ~< 9 
<,: -l 
2l: -li) 
1-1 I -E:· 
I'< 
27 
4') 
62 
'.'2 
E'l 
90 
97 
l(·t-1 
ll( 
115 
12(" 
123 
1 "' 
12f 
12S 
13C: 
12S 
12~ 
l2c 
12:: 
1?(. 
1 •• .. 
11' 
:; ~~;i 
s;~ 
..;'( 
8 
7"(-
6;" 
~< 
~-
;. 
4'-1 -3 3(' -lC 
~ . ..... _.. ~b -c.~-' 
3{.· I -II l ~ 
1~ -2(: u 
(.' -2''' - :t:· 
-2(· •) ,-3(· -!'' 
-c·:; --1:: -3';· --·3' 
-39 -2 .I -4S 
(• 
-lt..l 
-3-i 
.. ~·E 
-'"7(• 
--<?(1 
-:! 1 (· 
--! 2~ 
-i~·4 
- J'"'=o 
- p._;( 
-22 -!6 
-37 -33 
-ioJ5 -5(~ 
-54 ~69 
-62 --ss 
-70 -11:'8 
-3E --::::12 
-£;6· -4<:· 
-5~ -61 
~64 -86 
-:::: ···1 (i(: 
-82 -121 
~·~E -q-::-· -58 ·-;::-: 
-~~- -~~ -68 -~ 
-b::· --8·~ -7£' -· 1 
'","'~ -lr)::- -87 --
-E-Lf - 1 L :· -~7 - l 
-!:?"-! ·1~·~ - !Ob 
- l (,~· -- j t:~ --116 -·1 
-79 -129 -90 -147 
-121 -211 ,-13!: 
-S/ -15(1 1 -9~' -16"::;' f-AlE' -18;::~1·-12e. -E:<: 
2:::-
-96 -172!-108 -1"'2 
-104 -1 9 <> j~lli -2!t: 
-112 -22(; ~- 126 -2~-t··· 
-l~(· -23!.. -145 
-- 14(: ·-2t/" :. 15t.. 
I 
-2~ 
-c::. 
i 
e:. 
32(• 
31(1 
3(1(1 
F90 
28(1 
27(1 
260 
250 
F40 
230 
2£'0 
210 
20(1 
190 
180 
170 
160 
!5(: 
14(1 
1.30 
lEO 
11(; 
!<:>(· 
<;'(< 
8C• 
70 
6(• 
~,(; 
4(• 
::;..:· 
2(\ 
1 (; 
(! 
-H· 
-2C• 
-so 
-t.tt"· 
-e•o 
-6(\ 
-7•:1 
-B•:. 
14 
26 
38 
50 
6(1 
?(l 
78 
86 
<>4 
100 
106 
1H> 
114 
118 
120 
122 
122 
122 
122 
12C 
118 
114 
110 
1·)6 
JO>:) 
94 
8'o 
78 
'"/f) 
o(\ 
~;i) 
310 
26 
1'; 
(" 
-~ 14 
-·2(! 
--~c. 
-·62 
-·8(· 
9C; 
~e. 
32:il 
313 
30? 
ec:·e 
282 
271 
261 
25·) 
240 
e::c• 
219 
2oc; 
19\:t 
!88 
178 
16"i 
157 
14<!:· 
136 
126 
11=· 
I 0~· 
94 
g.:, 
74 
63 
53 
42 
3C 
E~E 
I 1 
1 
-1•) 
-i:_'i) 
-3(; 
-·..;1 
-~j 
-62 
-72 
-E"'C: 
-92 
27 
14 • 326 
26 315 
37 304 
4E 293 
58 282 
67 C72 
76 261 
83 2~,() 
<;>(> 221S' 
96 228 
1(>1 218 
106 207 
F>9 1G·6 
112 185 
11" 
115 
11" 
115 
114 
112 
l(tS' 
106 
101 
9t= 
90 
s:. 
"76 
6'7 
58 
.:.;.:: 
:r 
C't:-
1"' 
(i 
-l'-' 
-2S 
-·--+'"" 
--c.! 
--7'2 
-'7t 
- j! ~~. 
17'-1 
164 
1~13 
142 
131 
12(' 
110 
99 
BE: 
77 
o6 
56 
45 
34 
E:3 
12 
2 
-9 
-2(· 
-·31 
-42 
-5.C' 
-63 
-7o..t 
-85 
-9/;. 
-::! (lt_, 
-9(: - l 18 - 1 03 -13~~ -l 17 
-1(;\~' ·· l'2S -11.; -·1:.::· -~2:: 
-!10 -!58· -12~ -l7L -139 
-lEO 18(~ -134 -1s·~. -1~·( 
1 so --r:c .. ::.:· _ 1 ~ !::. -·22 1 - 1 c.o: 
-14::'• -22w 
1 ~.(. -- 25(i 
-lb(l ···27i.J 
-17f• w-"3i:t(• 
-t5:. 
-166 
-17t-
-!B6 
-·2'•'_·. ,-!? 1 
-2&1:? -·182 
-2q4 -1~'3 
-·3C'.' -E.·04 
_28 
131 327 
25 I 316 
3t.. 305 
46 294 
56 28F! 
6:"; 271 
73 26(1 
80 C:49 
St.- 238 
92 226 
97 215 
101 204 
J (II; 19:: 
lOt. 182 
1 (\f:~ 1 7•: 1 
109 159 
109 14E< 
108 137 
106 126 
104 :14 
10:! 103 
S''7 92 
92 E1 
Bt 7(, 
fY~' 58 
?:•1 ~~ 
6:'·1 3e 
~;:;t: e::.-
4t:- •t""f 
36 L 
2~: -9 
13 -2.-:· 
(11 -:::·1 
• 1 'i I _,.= 
-z~t· -~~ 
·-·42 -c:. 
-5'-?1 --It_ 
-7~- -87 
·-9::. -c.-c· 
--~1E-11U 
- :!.:: l -121 
- 151 - 13::. 
- 17E' -J4.7.: 
1 ct~ -154 
-2j t -l t.t 
-· 2:?S -17'7 
-263_188 
- 28(; -19S· 
-314 -EH 
--;;:l.:..':· -~cc: 
13 
24 
3=-
45 
Sit 
62 
7(J 
77 
88 
88 
~., 
"'-9t 
oc;· 
1U1 
1(J2 
102 
1\)2 
1 (11 
9<;'' 
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